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SUBJECT l h r * t , h  L,ooking Subsequence (Description DATE: December 27 , 1968 
a * ~ t i ( i  Operation) in a Multi-Disciplinary 
Earth Orbital Space Station - Case 720 FROM: W.W. Elam 

TECHNICAL MEMORANDUM 

I. INTRODUCTION 

This memorandum describes an earth looking experiment 
T:xcility and its operation. This earth looking experiment facility 
is n major element of a multi-disciplinary earth orbital space 
st,;ition. This memorandum is one of a number of memoranda dealing 
w i t h  specific scientific disciplines which the space station will 
support. For an overview and basic rationale of the space station 
Lhc reader  is referred to Reference 1. The sequence of operations 
of the earth looking instruments given here are in accord with 
the  mission sequence plan described in Reference 2. 

11. DISCIPLINARY OBJECTIVES OF THE EARTH LOOKING FACILITY 

The objective of the facility is to utilize an 
instrument platform for earth sensing instruments which has very 
Important, unique, and novel advantages of perspective, coverage, 
and endurance in observing the earth (lithosphere, hydrosphere, 
atmosphere) for scientific and applied scientific purposes. The 
observations of the earth will be used to increase our knowledge 
of the natural and cultural environment of man and to use that 
increased knowledge for our practical benefits. 

Tn most cases, the requests for data by the Principal 
lrivestigators or operating agencies will be for data on specific 
t,arfTets under snecific conditions of illumination, etc. The 
iiiiplementation of these requests is largely handled by automated 
schcdulinc. Man 9s used t o  improve the performance of the 
instruments by performing the functions of calibration, operation, 
maintenance, and repair. Man a l s o  contributes as an optional 
link in the control system and as an observer performing more 
exploratory observations. 

ITT. HARDWARE 

a. Description: Fourteen to twenty instruments will make -- 
up the earth looking experiment system. Imagers and 
spectrometers/radiometers (passive and active) operating 
in the ultra-violet, visible light, near infrared, 
thermal infrared, and microwave regions of the electro- 
mny;netic spectrum are included. These instruments are 
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With in  each s e n s i n g  method l i s t e d  above ,  f o r  example 
i n f r a r e d  s p e c t r o m e t r y ,  one or more i n s t r u m e n t s  can  
b e  c o n s i d e r e d .  For s e n s i n g  t h e  e a r t h  s u r f a c e  h i g h  
s p a t i a l  r e s o l u t i o n  i n f r a r e d  s p e c t r o m e t e r s  o p e r a t i n g  
i n  t h e  a t m o s p h e r i c  window s p e c t r a l  r e g i o n s  a r e  r e q u i r e d .  
For a t m o s p h e r i c  s e n s i n g ,  i n f r a r e d  s p e c t r o m e t e r s  o p e r a t e  
w i t h  g r o s s e r  s p a t i a l  r e s o l u t i o n  i n  t he  e m i s s i o n / a b s o r p t i o n  
bands  o f  t h e  a tmosphe r i c  c o n s t i t u e n t s  o f  i n t e r e s t .  
Also i n  a tmosphe r i c  s e n s i n g ,  a d v a n t a g e s  a re  g a i n e d  by 
h a v i n g  b o t h  narrow f i e l d  o f  v iew and wide f i e l d  o f  
view s p e c t r o m e t e r s  o p e r a t i n g  i n  t h e  same s p e c t r a l  band .  

b .  Suppor t  by Space S t a t i o n :  The p h y s i c a l  c h a r a c t e r i s t i c s  
of  t h e  pay load  can  o n l y  b e  approx ima ted  a t  t h i s  t i m e .  
The ear th  l o o k i n g  f a c i l i t y  c o n s i d e r e d  h e r e  i s  o f  t h e  
same g e n e r a l  t y p e  and s i z e  as t h e  l a r g e  ear th  l o o k i n g  
f a c i l i t i e s  d e s c r i b e d  i n  Refs. 3 and  4 .  The we igh t  of t h e  
ea r th  l o o k i n g  subsys tem,  n o t  i n c l u d i n g  s p e c i a l  s u p p o r t  
data h a n d l i n g ,  d i s p l a y s ,  c o n t r o l  s y s t e m s ,  w i l l  b e  f rom 
1000-2000 l b s .  The volume w i l l  be 75-200 c u .  f t .  
E l e c t r i c  power r e q u i r e d  may be as l i t t l e  as 1500 wat ts  
( n i g h t  s i d e )  or as much as 3000 wat ts  (day  s i d e ) .  
Cryogenic  c o o l i n g  of some of t h e  d e t e c t o r s  w i l l  be  r e q u i r e d .  
The t y p e  of  c o o l i n g  w i l l  depend upon " s t a t e  o f  t h e  a r t "  
i n  the mid-70 ' s .  I t  i s  est imated 3-8 l b s  o f  c o o l a n t  
( l i q u i d  n i t r o g e n  or o t h e r )  p e r  d a y  w i l l  be r e q u i r e d .  
The e x p e r i m e n t s  w i l l  b e  mounted on a p l a t f o r m  100-125  
sq. f t .  i n  a r e a  exposed t o  t h e  n a d i r  d i r e c t i o n  w i t h  
one a x i s  a l o n g  t h e  ground v e l o c i t y  v e c t o r .  There must 
be a c a p a b i l i t y  of h o l d i n g  t h i s  p o s i t i o n  i n d e p e n d e n t  o f  
s p a c e  s t a t i o n  motion.  ( p o i n t i n g  a c c u r a c i e s  <0.5 '  a l l  
axes,  r a t e s  <0.03O/sec a l l  a x e s . ) .  

c .  Data G e n e r a t i o n  and R e t u r n :  The magni tude  of  t h e  data  
h a n d l i n g  r equ i r emen t  depends  s t r o n g l y  on t h e  e x t e n t  t o  
which t h e  da ta  i s  used f o r  o p e r a t i o n a l  p u r p o s e s  by 
m e t e o r o l o g i c a l  o r  e a r t h  r e s o u r c e s  a g e n c i e s .  I f  t h e  
m i s s i o n  has no such o p e r a t i o n a l  p u r p o s e ,  i . e . ,  i s  
r e s e a r c h  o r i e n t e d  o n l y ,  t h e  b u l k  o f  t he  da ta  can  b e  
s t o r e d  on f i l m  o r  t a p e  and be p h y s i c a l l y  r e t u r n e d  w i t h  
crew r e l i e f .  Only t a r g e t i n g  and d a t a  f o r  q u i c k  l o o k  
a n a l y s i s  need be r e t u r n e d  i n  n e a r  r e a l  t i m e .  I f  t h e r e  
a re  o p e r a t i o n a l  o b j e c t i v e s ,  t h e n  some da ta  m u s t  b e  
r e t u r n e d  i n  n e a r  r e a l - t i m e ,  some d a i l y  and most w i t h i n  
a week. Because much r a the r  h i g h  r e s o l u t i o n  imagery i s  
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I r r v o l v c > t l ,  the brlt rate for Lelemetry could be very 
1ilI;h ( 2 ~ 1 0 ~  b/s). Alternative to telemetry, returning 
hard copies of this imagery in a time scale to meet 
operational requirements is costly, although automated 
return procedures are successfully practiced by the 
Department of Defense. 

The total amount of data produced depends to a consider- 
able extent on the state of development of the sensinq 
techniques and of data utilization techniques at the 
time of the mission, as well as the extent to which the 
data will be used for operational purposes. A minimum 
mission should provide data equivalent to about 100 lbs. 
of film per quarter which for the high data rate instru- 
ments (imagers) could be accomplished in 4 weeks total 
time. A maximum mission should provide data equivalent 
to about 300 l b s .  of film per quarter. 

(1 .  Experiment Modes: The operation of the earth looking 
facility is described in terms of modes. 
modes are "automatic" and "manual". The non-operating 
modes are "inactive" , "ready", "calibrate", "service" , 
and "repair". The properties of these modes are shown 
in Figure 1. 

The operating 

The earth looking facility includes many instruments. 
As noted below, the component instruments are  operated 
in Combinations required by the scheduled sensing tasks. 
Each instrument is controlled according to program by 
the on-board computer- The modes, then, grossly describe 
the status of the package; individual instruments may 
be in a different mode at a particular time. 

(1) Operating modes: The principal means of controlling 
the operation of the instruments is by means of the 
on-board computer ( O B C ) .  This on-board computer 
should have t w o  way communication with an experiment 
control computer at MCC, and thence with the 
principal investigator. 

The exercise of the instruments in various combinations 
according to the disciplines served and areas to be 
sensed is programmed according to mission time. 
Targetting and constraint data are provided by the 
PrinciDal Investigators, partially in the initial 
pr>oposa l  and partially (as permitted by the computer 
procram) in near real time. Sun angle requirements 
are included in the program. The scheduling of 
combinations of instruments and the recording the 
status of the amount of scheduled sensing accomplished 
arid updating the schedule is a complex openation, 
amenable to computer control. Because the 
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1 ri::l ,r.urnc~rit:; , except mlcrowavc j n:; tr i irnent:; ,  arc 
odb, j ( .c t  to cloud interference a cloud prcsence 
detector (sensitivity level dependent upon sun 
angle) will be incorporated to give a ''no sensing" 
signal i f  clouds are present. The fact that 
sensing was n o t  done must be reported to the control 
computer on board and to the master control 
computer at MCC to update future sensing plans. 

The secondary means of experiment operation and 
control is the manual mode. An astronaut is 
present in the facility. To the desired degree, 
he takes control from the computer of target 
selection and instrument selection. Repair, 
calibration, and service of individual instruments 
is accomplished in this mode. Time is allotted 
during each s h i f t  to use this mode, although it 
would be more desirable to have flexibility in the 
schedule in order that manual control would be 
used over promising target areas. The manual mode 
permits exploratory, target-of-opportunity studies. 
It would be scheduled a greater fraction of the time 
when an earth scientist was in residence on the 
space station. A l s o  in event of failure of the 
automated control system a fully manual mode could 
be used as a contingency mode. 

(2) Non-operating experiment modes: Inactive mode - 
In this mode the system or its components are in 
operable condition but in power off or minimum power 
condition. This mode will usually preceed the ready 
mode. It will always follow the r e p a i r  or service 
mode, if only briefly. 

Ready mode - This mode is essentially a warm up mode. 
Scheduled experiments are brought on line by the 
on-board computer. In this mode housekeeping signals 
are checked a g a i n s t  standards by the "automatic on 
board system monitor" (AOBSM), thus a calibration 
ckeck is included. If AOBSM indicates out-of- 
calibration, it is switched to calibrate mode. 
If the calibration checks are within limits the 
switch would be to automatic or manual operating 
modes. 

Calibrate - Upon out-of-calibration indication from 
the AORSM or based on analysis of sample data by 
the P.I., calibration will be performed manually by 
a crewman. If calibration cannot be accomplished, 
a switch to service or repair mode will be made. If 
calibration can be accomplished, control will be 
returned to the onboard computer. Routine calibration 
will a l s o  be done. 
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:;(br*v 1 rnotlc - Tn tillis mode t h e  equ i p m c n t ,  i:; 
: i v .11  l a b l ~  f'ur crcw :;E'rivicr?:; i n c l u d i n r ;  film 
~ ! l l ; l l l J r ( ' ,  r>ou t i nc rn;i  1 ntcArlnricc , cxpcr - tmcnt  modi- 
f ' 1  v : i t , l o r l  01' n l t e r a t i o n ,  and change  of e x p e r i m e n t s .  
S w i t c h  w i l l  a lways  be  t o  t h e  i n a c t i v e  mode 
( n o r m a l l y  unde r  OBC c o n t r o l ) .  
o f  t h e  ear th  l o o k i n g  f a c i l i t y  i s  i n v o l v e d .  

A ma jo r  d e a c t i v a t i o n  

R e p a i r  mode - I f  c a l i b r a t i o n  c a n n o t  b e  a c c o m p l i s h e d  
o r  i f  t h e  AOBSM i n d i c a t e s  a n o t h e r  m a l f u n c t i o n ,  a 
s w i t c h  i s  made t o  t h e  r e p a i r  mode. Repai r  w i l l  be 
accompl i shed  on-board b y  t h e  crew as s i s t ed  b y  
t e c h n i c a l  c o n s u l t a t i o n  w i t h  M C C .  If r e p a i r  can  
b e  accompl i shed ,  a s w i t c h  i s  made t o  i n a c t i v e  
mode ( n o r m a l l y  u n d e r  OBC c o n t r o l ) .  A m a j o r  
d e a c t i v a t i o n  o f  t h e  e a r t h  l o o k i n g  f a c i l i t y  i s  
i n v o l v e d .  

( 4 )  C o n s t r a i n t s  and Assumpt ions  

a .  Command, c o n t r o l :  

Command f o r  i n s t r u m e n t  o p e r a t i o n  i s  p r i m a r i l y  
on t h e  ground a t  t h e  m i s s i o n  c o n t r o l  c e n t e r  
w i t h  c a p a b i l i t y  f o r  manual  o v e r r i d e  by t h e  
a s t r o n a u t  for s a f e t y  o r  emergency r e a ~ o n s .  

C o n t r o l  i s  p r i m a r i l y  by t h e  on-board compute r  
wh ich ,  i n  t u r n ,  i s  c o n t r o l l e d  by a two way 
l i n k  w i t h  a computer  i n  M i s s i o n  C o n t r o l  C e n t e r .  
T h e i r  l i n k  may be i n t e r m i t t e n t ;  maximum "no 
c o n t a c t "  t i m e  on t h e  o r d e r  o f  3-5 h o u r s .  

b .  Data sys t em:  

Undetermjned - depends  upon g e n e r a l  s t a t u s  
o f  remote  s e n s i n g  a t  t i m e  o f  f l i g h t  a s  s u c h  
s t a t u s  a f f e c t s  t h e  need f o r  da ta  f o r  o p e r a t i o n a l  
u s e .  E a r l y  f l i g h t  and r e l a t i v e l y  l i t t l e  
advance  i n  t h e  s t a t u s  o f  r emote  s e n s i n g  would 
c a l l  f o r  most  d a t a  b e i n g  r e c o r d e d  on f i l m  or t a p e  
and p h y s i c a l l y  r e t u r n e d  w i t h  a s t r o n a u t s .  A 
more advanced s t a t u s  would c a l l  f o r  a h i g h  
da ta  r a t e  t e l e m e t r y  s y s t e m .  The l a t t e r  i s  
assumed i n  R e f e r e n c e  ( 2 ) .  

e .  Crew: 

Most i m p o r t a n t  s k i l l  i s  t h a t  o f  i n s t r u r n e p t  
c a l i b r a t i o n ,  m a i n t e n a n c e ,  and r e p a i r .  These 
p r o v i d e  da t a  a s s u r a n c e .  S k i l l  a s  a n  a c c o m p l i s h e d  
o b s e r v e r  of g e o p h y s i c a l  phenomena i s  h i y h l y  
d e s i r a b l e ;  a n  a s t r o n a u t  w i t h  s u c h  t r a i n i n g  
s h o u l d  be f lown on one or more l o g i s t i c s  cycl':,. 
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L o g i s t i c s :  

C a p a b i l i t y  t o  b r i n g  up 300-500 l b s .  o f  new 
f i l m  and i n s t r u m e n t  s p a r e s  and  a l t e r a t i o n s ,  
and r e t u r n  o f  a t  l e a s t  200-300 l b s .  o f  f i l m  
p e r  r e s u p p l y  m i s s i o n .  

C o n f i g u r a t i o n :  

I n s t r u m e n t s  o r i e n t e d  i n  t h e  n a d i r  d i r e c t i o n  
w i t h  one o t h e r  a x i s  i n  t h e  d i r e c t i o n  o f  t h e  
ground v e l o c i t y  v e c t o r .  C a p a b i l i t y  t o  h o l d  
o r i e n t a t i o n  w i t h i n  . 0 5 O .  I n s t r u m e n t s  
a c c e s s i b l e  t o  r e p a i r  and  a l t e r a t i o n  i n  s h i r t  
s l e e v e  env i ronmen t .  

5 .  C o n t i n g e n c i e s :  Al though t h e  o p e r a t i o n  o f  t h e  f a c i l i t y  
i s  p r e p l a n n e d  wi th  p r o v i s i o n  i n  t h e  c a p a b i l i t y  of t h e  
c o n t r o l  s y s t e m  t o  u p d a t e  t h e  p l a n ,  t h e r e  a re  
v a r i a t i o n s  i n  t h e  t a r g e t s  s e n s e d ,  i n  t h e  p e r f o r m a n c e  o f  
man- ins t rument  s y s t e m ,  and  a l s o  i n  t h e  p e r f o r m a n c e  o f  
i n s t r u m e n t  s u p p o r t  s y s t e m  which s h o u l d  b e  c a p a b l e  o f  
b e i n g  accommodated t o  i n s u r e  optimum r e t u r n .  These  
v a r i a t i o n s  i n c l u d e :  

a .  

b .  

C .  

d .  

e .  

a c a p a b i l i t y  t o  u p d a t e  t h e  s y s t e m  i n  t h e  l i g h t  
o f  new knowledge g a i n e d  a b o u t  t h e  ea r th ;  

t h e  u s e  of improved o r  m o d i f i e d  s e n s o r s ;  

o p t i m i z i n g  t h e  u s e  o f  t h e  p e c u l i a r  s k i l l s  of  
t h e  c rew ( t h e  manned mode would b e  u s e d  more 
when t h e r e  i s  a t r a i n e d  g e o s c i e n t i s t  a b o a r d ) ;  

c h a n g i n g  t h e  c o n t r o l  p rog ram o r  u s i n g  t h e  
manned mode i n  o r d e r  t o  o p t i m a l l y  o b s e r v e  s h o r t  
l i v e d  phenomena s u c h  as s t o r m s  and  s t o r m  e f f e c t s ,  
f l o o d s ,  v o l c a n o e s ,  e a r t h q u a k e s ,  a c u t e  a i r  p o l u t i o n  
s i t u a t i o n s ,  e t c . ;  

and  t o  overcome i n a d e q u a c i e s  o r  f a i l u r e s  i n  t h e  
i n s t r u m e n t s  and  i n s t r u m e n t  s u p p o r t  s y s t e m s  s u c h  
as d e f e c t s  i n  t h e  s t o r e d  c o n t r o l  program o r  t h e  
AOBSM, d e f e c t s  i n . t h e  i n s t r u m e n t s ,  and  d e f e c t s  
i n  t h e  i n s t r u m e n t  p l a t f o r m  c o n t r o l .  

The i m p l i c a t i o n s  of these  v a r i a t i o n s  i n  t h e  d e s i g n  
w i l l  b e  t r e a t e d  i n  a l a t e r  memorandum. 
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A earth l o o k i n g  f a c i l i t y  on a l a r g e  manned e a r t h  orbital 
: ; p : ~ c c  s t a t i o n  and i t s  o r b i t a l  o p e r a t i o n s  have  b e e n  d e s c r i b e d .  The 
pr>linnry means of c o n t r o l  and s c h e d u l i n g  of  t h e  components  of  t h e  
f a c i l i t y  i s  by au tomated  c o n t r o l .  T h i s  i s  r e q u i r e d  i n  part  by 
t h e  c o m p l e x i t y  of t h e  s c h e d u l i n g  and i n  p a r t  by t h e  l o n g  d u r a t i o n  
o p e r a t i o n s .  

P r o v i s i o n  i s  made for man as a n  e x p e r i m e n t e r  and as a n  
o b s e r v e r ,  a l t h o u g h  p r i m a r y  r e l i a n c e  f o r  m e e t i n g  d i s c i p l i n a r y  
o b j e c t i v e s  i s  p l a c e d  i n  t h e  au tomated  s y s t e m .  Man i s  e x p e c t e d  
t o  play an e s s e n t i a l  r o l e  i n  k e e p i n g  t h e  a u t o m a t e d  s y s t e m  i n  
optimum c o n d i t i o n .  

LO I. :L -WWE-b 1 W . W .  E l a m  
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